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obtained by varying the action with respect to the g
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tensor of the SM. The key observation is that the coupling is order 1= (and not 1=M
Pl
) as a result of the exponential
rescaling. The radion can therefore be produced and decay on collider time scales. The radion couples to all terms
that violate scale invariance, which can be easily read o from Eq. (2). At leading order this includes mass terms in















where I have dened the coupling   v=(
p
6). Since matter fermion and gauge boson masses arise through the
Higgs vev, not surprisingly the radion couplings are rather similar to the Higgs boson. Indeed tree-level couplings
of the radion can be obtained by replacing h(x)!  r(x) everywhere in the SM. One important dierence is that,
due to the trace anomaly, there are direct couplings of the radion to massless gauge bosons at one-loop [9, 10]. For


























is the one-loop QCD -function coeÆcient.
IV. RADION PRODUCTION
The loop-suppressed but -function enhanced coupling of the radion to gluons provides the dominant production




machines, the dominant production processes are analogous




! Zr. In fact, the radion production cross section can be functionally
















This leads to what are likely the best bounds on the radion mass as function of  (or, equivalently, the cuto scale).




0:1 ( = 1 TeV), but must be
>

100 GeV for   1. In fact, an experimental analysis in the context of a
two-Higgs doublet model, replacing sin
2
(   ) with 
2
, suggested this theoretical estimate was reasonable [13].
V. RADION DECAY
The decay of the radion has been well-studied by e.g. [9, 11]. Due to the trace anomaly coupling to gluons, the










is r! gg. For somewhat lower masses,




; ZZ; hh have the largest branching ratios. This
means the search strategy for the radion could be quite dierent than that for the SM Higgs, particularly for small
to intermediate masses.
3VI. RADION-HIGGS MIXING
Up to now I have assumed the sole interactions of the radion are given by Eq. (2). There is, however, one important




















is the 4D Ricci scalar constructed out of the induced metric on the SM brane, and  is a dimensionless
coupling. This leads to kinetic mixing between the radion and Higgs elds. The physical mass eigenstates are thus
mixtures of the radion and Higgs; details can be found in [7, 9].
This can wreak havoc on your intuition concerning Higgs and radion elds. Let me provide two examples. Precision
electroweak observables receive contributions from both the radion and the Higgs. In the absence of radion-Higgs
mixing, the contribution of the radion is always small since it is functionally analogous to the Higgs, but with couplings
suppressed by . With signicant radion-Higgs mixing, the summed contribution of the two physical scalars (formerly
the radion and Higgs) can be quite dierent. In particular, it is possible to satisfy current constraints on the oblique
parameters S and T [14] while pushing both the radion and Higgs masses to the several hundred GeV range, provided
 is moderate and negative [7]. The second example is the partial-wave amplitude for electroweak gauge boson
scattering. Again, in the absence of radion-Higgs mixing, the radion contribution is always perturbative up to the
4D cuto scale . For large radion-Higgs mixing, however, the gauge boson scattering can become strong prior to
reaching  [15]. Other examples involving mixed scalar production and decay can be found in e.g. [9, 16].
VII. SUMMARY
I have sketched the mass, couplings, production, decay, and mixing of the radion in the Randall-Sundrum scenario.
The radion is expected to be the lightest state beyond the SM with properties that are similar (but with important
dierences) to the SM Higgs boson. Furthermore, the radion and the Higgs can mix through an additional allowed
operator in the 4D eective theory. If this mixing is signicant, the direct and indirect eects of what were the
physical radion and Higgs states can be signicantly altered.
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